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(54) Title of the Invention: ANTENNA DEVICE 

(57) [Abstract] 
[Problem] 

Providing an antenna device for a wireless device, 
e.g. a cell-phone, for mobile communication which has high 
sensitivity and whose impedance can be adjusted with ease. 
[Solution] 

An antenna device (19) includes a conductive ground plane 
(17) and a plate-like first antenna element (11) disposed 
above the conductive ground plane (17) . The first antenna 
element (11) facing the conductive ground plane (17) 
includes an open end portion (12A) provided with a cut-away 
portion (22A) and an outer peripheral end portion (12B) 
provided with a cut-away portion (22B) . In this 
configuration, the antenna capacitance can be largely 
changed, and the resonant frequency, resonant frequency 
band, and antenna impedance can be easily corrected. This 
makes it possible to flexibly position the antenna device 
(19) relative to the high-frequency circuit section without 
changing the shapes of its portions other than the open end 
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portion (12A) and the outer peripheral end portion (12B) 
while providing the antenna device (19) with high 
sensitivity. 



[Scope of Claims] 

[Claim 1] An antenna device comprising: a conductive ground 
plane, a plate-like first antenna element disposed above 
the conductive ground plane, a first terminal electrically 
connecting the first antenna element and the conductive 
ground plane, and a second terminal disposed spaced a 
predetermined distance from the first terminal and 
electrically connected to a high-frequency circuit section 
provided in a wireless device main body; wherein an area 
facing the conductive ground plane of the first antenna 
element is changed either by providing at least one of an 
open end portion or an outer peripheral end portion of the 
first antenna element and the conductive ground plane 
facing the first antenna element with a hole or a cut-away 
portion or by changing a positional relationship between 
the first antenna element and the conductive ground plane. 
[Claim 2] The antenna device according to claim 1, wherein 
the first antenna element includes a plurality of radiating 
conductor portions with mutually different electrical 
lengths . 

[Claim 3] An antenna device comprising: a conductive ground 
plane, a plate-like first antenna element disposed above 
the conductive ground plane, a first terminal electrically 
connecting the first antenna element and the conductive 
ground plane, a second terminal disposed spaced a 
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predetermined distance from the first terminal and 
electrically connected to a high-frequency circuit section 
provided in a wireless device main body, and a plate-like 
second antenna element disposed spaced a predetermined 
distance from the first antenna element; wherein an area 
facing the conductive ground plane of the first antenna 
element or the second antenna element is changed either by 
providing at least one of an open end portion or an outer 
peripheral end portion of the first antenna element or the 
second antenna element and the conductive ground plane 
facing the first antenna element and the second antenna 
element with a hole or a cut-away portion or by changing a 
positional relationship between the first antenna element 
or the second antenna element and the conductive ground 
plane. 

[Claim 4] The antenna device according to claim 3, wherein 
at least one of the first antenna element and the second 
antenna element includes a plurality of radiating conductor 
portions with mutually different electrical lengths. 

[Detailed Description of the Invention] 

[0001] 

[Industrial Application] The present invention relates to 
an antenna device used mainly for a wireless device for 
mobile communication, for example, a cell-phone. 
[0002] 
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[Description of the Prior Art] In recent years, as the 
demand for wireless devices for mobile communications, for 
example, cell-phones increases, antenna devices which can 
be built into various designs of wireless devices have also 
been in increasing demand. Among such antenna devices, 
inverted-F antennas including a plate-like horizontal 
portion facing a conductive ground plane are widely used. 
[0003] Such an existing type of an inverted-F antenna will 
be described with reference to FIG. 3 showing a perspective 
view of an essential part of the antenna. 

[0004] Referring to FIG. 3, a plate-like antenna element 1 
is made of copper alloy and has a depth LI and a width L2. 
A plate-like conductive ground plane 2 made of copper alloy 
is disposed a distance H below and approximately in 
parallel with the antenna element 1. This configuration is 
fixed in a case (not shown) made of insulating resin. 
[0005] In an antenna device 7 including the antenna element 
1 and the conductive ground plane 2, a first terminal 3 
formed in an end portion of the antenna element 1 is 
electrically connected to the conductive ground plane 2, 
for example, by soldering. A second terminal 5 is formed at 
a feed point 4 spaced a distance L4 from the first terminal 
3. The second terminal 5 extends, being insulated from the 
conductive ground plane 2, through a hole 6 formed in the 
conductive ground plane 2 and projects below the conductive 
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ground plane 2 • 

[0006] The antenna device 7 is installed in a wireless 
device main body (not shown) . The conductive ground plane 2 
of the antenna device 7 is electrically connected to a 
ground portion (not shown) formed in the wireless device 
main body. The second terminal 5 of the antenna device 7 is 
electrically connected, for example, by crimping, to a 
high-frequency circuit section (not shown) provided in the 
wireless device main body. 

[0007] In the wireless device configured as described above, 
when an electromagnetic wave of a predetermined resonant 
frequency is received, the antenna device 7 converts it 
into an electrical signal and inputs the electrical signal 
to the high-frequency circuit section provided in the 
wireless device main body via the second terminal 5. When 
an electrical signal of a predetermined resonant frequency 
is received for transmission from the high-frequency 
circuit section, the antenna device 7 converts the 
electrical signal into an electromagnetic wave and radiates 
the electromagnetic wave. 

[0008] The dielectricity of the antenna device 7 is 
dependent on the length, i.e. distance H, of the first 
terminal 3 formed to extend from the antenna element 1 of 
the antenna device 7. The capacitance of the antenna device 
7 is affected by other parts than the first terminal 3 of 
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the antenna element 1 as seen from the feed point 4. The 
resonant frequency of the antenna device 7 is determined by 
the dielectricity and capacitance, 

[0009] When the depth LI and width L2 of the antenna 
element 1 are increased to increase the capacitance or when 
the distance H between the antenna element 1 and the 
conductive ground plane 2 is increased to increase the 
dielectricity, the resonant frequency of the antenna device 
7 is lowered. Conversely, when the depth LI and width L2 of 
the antenna element 1 are decreased to decrease the 
capacitance or when the distance H between the antenna 
element 1 and the conductive ground plane 2 is decreased to 
decrease the dielectricity, the resonant frequency of the 
antenna device 7 is raised. 

[0010] Therefore, the impedance of the antenna device 7 
used to be determined by first determining the values of LI, 
L2, and H so as to obtain a predetermined resonant 
frequency and then determining the location of the feed 
point 4, i.e. the value of L4, so as to bring the impedance 
of the high-frequency circuit section provided in the 
wireless device main body as close as possible to a value 
which enables transmission and reception at the resonant 
frequency with the highest sensitivity. 
[0011] 

[Problem to be Solved by the Invention] When the antenna 
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device 7 that is an existing type of an antenna device is 
fitted to a wireless device main body, however, the effect 
of the electromagnetic field distribution on the antenna 
device 7 changes according to the position relative to the 
high-frequency circuit section of the antenna device 1. 
This may cause the antenna impedance to deviate from the 
predetermined value and the resonant frequency and resonant 
frequency band to change, making desired sensitivity 
unavailable for the antenna device 1 In reality, therefore, 
there has been a problem that a differently shaped antenna, 
for example, with different values of LI, L2, and H is 
required for every differently located high-frequency 
circuit section* 

[0012] The present invention has been made in view of the 
above problem, and it is an object of the invention to 
provide a sensitive antenna device whose impedance can be 
adjusted with ease. 

[0013] 

[Means for Solving the Problem] To achieve the above object, 
the present invention is configured as follows. 
[0014] The invention of claim 1 provides an antenna device 
in which an area facing a conductive ground plane of a 
plate-lilce first antenna element disposed above the 
conductive ground plane is changed either by providing at 
least one of an open end portion or outer peripheral end 
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portion of the first antenna element and the conductive 
ground plane facing the first antenna element with a hole 
or a cut-away portion or by changing a positional 
relationship between the first antenna element and the 
conductive ground plane. In the antenna device configured 
as described above, the electric field strength is large at 
the open end portion and the outer peripheral end portion 
of the first antenna element, and the open end portion and 
the outer peripheral end portion differ from each other in 
surface area facing the conductive ground plane. The 
antenna capacitance can therefore be changed with ease, and 
a resonant frequency, resonant frequency band, and antenna 
impedance can be easily corrected. This makes it possible 
to flexibly position the antenna device relative to the 
high-frequency circuit section without changing the shapes 
of its portions other than the open end portion and the 
outer peripheral end portion while providing the antenna 
device with high sensitivity. 

[0015] The invention of claim 2 provides the antenna device 
according to the invention of claim 1, in which the first 
antenna element includes a plurality of radiating conductor 
portions with mutually different electrical lengths, so 
that the antenna device is made capable of transmission and 
reception in a plurality of frequency bands. 
[0016] The invention of claim 3 provides an antenna device 
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in which, in addition to a plate-like first antenna element 
disposed above a conductive ground plane, a plate-like 
second antenna element is provided spaced a predetermined 
distance from the first antenna element and in which an 
area facing the conductive ground plane of the first 
antenna element or the second antenna element is changed 
either by providing at least one of an open end portion or 
an outer peripheral end portion of the first antenna 
element or the second antenna element and the conductive 
ground plane facing the first antenna element and the 
second antenna element with a hole or a cut-away portion or 
by changing a positional relationship between the first 
antenna element or the second antenna element and the 
conductive ground plane. This makes it possible to correct 
with ease a resonant frequency, resonant frequency band, 
and impedance of the antenna device and realize a wide 
frequency band, in which the wireless device can transmit 
and receive signals, by combining the resonant frequency 
bands of the first antenna element and the second antenna 
element . 

[0017] The invention of claim 4 provides the antenna device 
according to the invention of claim 3, in which at least 
one of the first antenna element and the second antenna 
element includes a plurality of radiating conductor 
portions with mutually different electrical lengths, so 
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that the antenna device is made capable of transmission and 

reception in a plurality of frequency bands. 

[0018] 

[Best Mode for Carrying Out the Invention] Embodiments of 
the present invention will be described with reference to 
FIGS. 1 and 2. 

[0019] (Embodiment 1) The inventions according to claims 1 
and 2, in particular, will be described based on embodiment 
1. 

[0020] FIG. 1 is a perspective view of an essential part of 
an antenna device according to a first embodiment of the 
present invention. In FIG. 1, reference numeral 17 denotes 
a conductive ground plane which is made of a thin plate of 
conducting metal, for example, copper, copper alloy, 
aluminum alloy, or stainless alloy, or such a thin plate 
plated with conducting metal, for example, gold or niclcel. 
[0021] The conductive ground plane 17 is provided, at a 
predetermined part thereof, with a terminal (not shown) to 
be electrically connected to the ground side of a high- 
frequency circuit section provided in a wireless device 
main body (not shown) . 

[0022] Reference numeral 11 denotes a first antenna element 
disposed to extend a predetermined distance above and 
approximately in parallel with the conductive ground plane 
17. The first antenna element 11 is, like the conductive 
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ground plane 17, made of a thin plate of conducting metal 
or such a thin plate plated with conducting metal. 
[0023] The first antenna element 11 is provided, at a lower 
left end part thereof as seen in FIG. 1, with a first 
terminal 13 extending perpendicularly downwardly therefrom 
and being electrically connected to the conductive ground 
plane 17. 

[0024] The first antenna element 11 is also provided with a 
second terminal 16 which is spaced a predetermined distance 
from the first terminal 13 and which extends 
perpendicularly downwardly therefrom to be electrically 
connected to a signal input/output side of the high- 
frequency circuit section provided in the wireless device 
main body. 

[0025] The first antenna element 11 integrally includes a 
first radiating conductor portion 12 with a predetermined 
electrical length and a second radiating conductor portion 
14 with an electrical length different from that of the 
first radiating conductor portion 12. 

[0026] The first radiating conductor portion 12 of the 
first antenna element 11 includes an open end portion 12A 
having a cut-away portion 22A and an outer peripheral end 
portion 12B having a cut-away portion 22B^ the cut-away 
portions 22A and 22B having been formed, for example, by 
cutting or punching. 
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[0027] The area facing the conductive ground plane 17 of 
each of the open end portion 12A and the outer peripheral 
end portion 12B is smaller than that of any comparable 
portion having no cut-away portion of the first radiating 
conductor portion 12. 

[0028] The first antenna element 11 and the conductive 
ground plane 17 are fixed spaced a predetermined distance 
from each other in an insulated case (not shown) of ABS 
resin thereby making up an antenna device 19, 
[002 9] The dimensional settings of components of the 
antenna device 19 configured as described above will be 
described below. 

[0030] First, the electrical length of the first radiating 
conductor portion 12 of the first antenna element 11 and 
the distance between the first antenna element 11 and the 
conductive ground plane 17 are set such that a resonant 
frequency can be obtained in a predetermined frequency band, 
for example, 890 to 925 MHz. 

[0031] In doing this, enlarging the cut-away portions 22A 
and 22B decreases the area facing the conductive ground 
plane 17 of each of the open end portion 12A and the outer 
peripheral end portion 12B causing the capacitance of the 
first radiating conductor portion 12 to decrease and the 
resonant frequency to rise. 

[0032] Next, the electrical length of the second radiating 
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conductor portion 14 of the first antenna element 11 and 
the distance between the first antenna element 11 and the 
conductive ground plane 17 are set such that a resonant 
frequency can be obtained in another predetermined 
frequency band, for example, 1710 to 1880 MHz- 
[0033] Thus, two resonant frequency bands usable for 
transmission and reception are set in the wireless device, 
i.e. a resonant frequency band of 890 to 925 MHz based on 
the first radiating conductor portion 12 with a 
predetermined electrical length and another resonant 
frequency band of 1710 to 1880 MHz based on the second 
radiating conductor portion 14 with another predetermined 
electrical length. 

[0034] Subsequently, the impedance of the antenna is 
determined. This is done by setting the position of the 
second terminal 16 so as to bring the impedance of the 
high-frequency circuit section provided in the wireless 
device main body as close as possible to a value, usually 
about 50 ohms, which enables transmission and reception 
with the highest sensitivity at the resonant frequencies. 
[0035] When the antenna device 19 is fitted to the wireless 
device main body, however, the effect of the 

electromagnetic field distribution on the antenna device 19 
changes according to the position relative to the high- 
frequency circuit section of the antenna device 19. This 



possibly causes the antenna impedance to deviate from the 
predetermined value and the resonant frequencies and 
resonant frequency bands to change, making desired 
sensitivity unavailable for the antenna device 19. 
[0036] To cope with the above problem, the antenna device 
19 is configured such that, in cases where the impedance of 
the antenna device 19 fitted, after the position in the 
wireless device main body of the high-frequency circuit 
section is fixed, to a predetermined part of the wireless 
device main body has deviated from a predetermined value, 
the impedance can be corrected by changing the areas of the 
cut-away portions 22A and 22B of the open end portion 12A 
and the outer peripheral end portion 12B, respectively, of 
the first radiating conductor portion 12 to a value which 
enables transmission and reception with the highest 
sensitivity, 

[0037] As is Icnown from electromagnetism, the field 
strength of electromagnetic radiation is large at the open 
end portion 12A and the outer peripheral end portion 12B 
that is positioned away from the second terminal 16, so 
that changing the area of the cut-away portion 22A of the 
open end portion 12A or the area of the cut-away portion 
223 of the outer peripheral end portion 12B can largely 
change the antenna capacitance. Namely, the antenna 
impedance can be efficiently adjusted. 
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[0038] When an electromagnetic wave of a predetermined 
resonant frequency is received, the antenna device 19 
configured as described above converts the electromagnetic 
wave into an electrical signal and inputs the electrical 
signal to the high-frequency circuit section provided in 
the wireless device main body via the second terminal 16. 
When an electrical signal of the predetermined resonant ■ 
frequency is received for transmission from the high- 
frequency circuit section, the antenna device 19 converts 
the electrical signal into an electromagnetic wave and 
radiates the electromagnetic wave. 

[0039] As described above, according to the first 
embodiment, the plate-like first antenna element 11 
disposed above the conductive ground plane 17 includes the 
open end portion 12A and the outer peripheral end portion 
12B each facing the conductive ground plane 17. The open 
end portion 12A and the outer peripheral end portion 12B 
have the cut-away portions 22A and 22B, respectively. In 
the antenna device 19 configured as described above, the 
(electric field strength is large at the open end portion 
12A and the outer peripheral end portion 128 of the first 
antenna element 11, and the open end portion 12A and the 
outer peripheral end portion 12B differ from each other in 
surface area facing the conductive ground plane 17 . The 
antenna capacitance can therefore be largely changed, and 



18 



the resonant frequencies^ resonant frequency bands, and 
antenna impedance can be easily corrected. This makes it 
possible to flexibly position the antenna device 19 
relative to the high-frequency circuit section without 
changing the shapes of its portions other than the open end 
portion 12A and the outer peripheral end portion 12B while 
providing the antenna device 19 with high sensitivity. 
[0040] The first antenna element 11 includes the first 
radiating conductor portion 12 with a predetermined 
electrical length and the second radiating conductor 
portion 14 with another electrical length, so that the 
antenna device 19 can be made capable of transmission and 
reception in two different resonant frequency bands of the 
wireless device. 

[0041] Furthermore, employing a configuration in which a 
conductive ground plane connected to the first antenna 
element 11 is formed on a wiring substrate on which a high- 
frequency circuit section is formed in the wireless device 
main body can reduce the number of components of the 
antenna device as a whole and facilitate making the 
wireless device main body smaller. 

[0042] Even though it has been explained above that the 
antenna impedance is corrected by providing the open end 
portion 12A and outer peripheral end portion 12B, both 
facing the conductive ground plane 17, of the first 
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radiating conductor portion 12 with the cut-away portions 
22A and 22B, respectively, the invention can be implemented 
also by providing either one of the open end portion 12A 
and outer peripheral end portion 12B of the first radiating 
conductor portion 12 with a cut-away portion to correct the 
antenna impedance . 

[0043] The antenna impedance may also be corrected by 
providing not the first radiating conductor portion 12 but 
an open end portion 14A and outer peripheral end portion 
14B of the second radiating conductor portion 14 with cut- 
away portions, or by providing both the first radiating 
conductor portion 12 and the second radiating conductor 
portion 14 with cut-away portions. 

[0044] Furthermore, the antenna impedance may also be 
corrected by forming not cut-away portions but holes in the 
first antenna element 11 and conductive ground plane 17, or 
by shifting either the first antenna element 11 facing the 
conductive ground plane 17 or the conductive ground plane 
17 in the front-rear or left-right direction and thereby 
changing the positions relative to the conductive ground 
plane 17 of the open end portions 12A and 14A and outer 
peripheral end portions 123 and 148 of the first antenna 
element 11. 

[0045] Even though it has been explained above that the 
first antenna element 11 and the conductive ground plane 17 



are each made of a thin plate of conducting metal, for 
example, copper or copper alloy, or such a thin plate 
plated with conducting metal, for example, gold or nickel, 
the first antenna element 11 and the conductive ground 
plane 17 may be each made of resin which is covered with 
conducting metal, for example, copper or copper alloy 
formed by, for example, plating or printing, or which is 
covered with a film of conducting metal, for example, 
copper or copper alloy applied thereto, 

[0046] (Embodiment 2) The inventions according to claims 3 
and 4, in particular, will be described based on embodiment 
2. 

[0047] Between embodiments 1 and 2, like components are 
assigned like reference numerals, and such like components 
will not be described in detail for embodiment 2. 

[0048] FIG. 2 is a perspective view of an essential part of 
an antenna device according to a second embodiment of the 
present invention. In FIG. 2, reference numeral 17 denotes 
a conductive ground plane which is made of a thin plate of 
conducting metal or such a thin plate plated with 
conducting metal. 

[0049] The conductive ground plane 17 is provided, at a 
predetermined part thereof, with a terminal (not shown) to 
be electrically connected to the ground side of a high- 
frequency circuit section provided in a wireless device 
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main body (not shown) . 

[0050] Reference numeral 11 denotes a first antenna element 
disposed to extend a predetermined distance above and 
approximately in parallel with the conductive ground plane 
17. The first antenna element 11 is made of a thin plate of 
conducting metal or such a thin plate plated with 
conducting metal, 

[0051] The first antenna element 11 is provided, at a lower 
left end part thereof as seen in FIG. 2/ with a first 
terminal 13 extending perpendicularly downwardly therefrom 
and being electrically connected to the conductive ground 
plane 17. The first antenna element 11 is also provided 
with a second terminal 16 which is spaced a predetermined 
distance from the first terminal 13 and which extends 
perpendicularly downwardly therefrom to be electrically 
connected to the signal input/output side of the high- 
frequency circuit section provided in the wireless device 
main body. 

[0052] The first antenna element 11 integrally includes a 
first radiating conductor portion 12 with a predetermined 
electrical length and a second radiating conductor portion 
14 with another electrical length different from that of 
the first radiating conductor portion 12. 
[0053] Reference numeral 18 denotes a second antenna 
element disposed between the first antenna element 11 and 
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the conductive ground plane 17 without being directly 
connected to either of them. The second antenna element 18 
is predetermined distances spaced from the first antenna 
element 11 and the conductive ground plane 17, respectively, 
to be approximately in parallel with them. The second 
antenna element 18 is, like the first antenna element 11 
and the conductive ground plane 17, made of a thin plate of 
conducting metal or such a thin plate plated with 
conducting metal. 

[0054] The second antenna element 18 includes a radiating 
conductor portion with a predetermined electrical length. 
The radiating conductor portion includes an open end 
portion 18A having a cut-away portion 28A and an outer 
peripheral end portion 18B having a cut-away portion 28B, 
the cut-away portions 28A and 28B having been formed, for 
example, by cutting or punching. 

[0055] The first antenna element 11, the conductive ground 
plane 17, and the second antenna element 18 are fixed 
spaced from one another in an insulated case (not shown) of 
ABS resin thereby making up an antenna device 29. 

[0056] The dimensional settings of components of the 
antenna device 29 configured as described above will be 
described below. 

[0057] First, the electrical length of the first radiating 
conductor portion 12 of the first antenna element 11 and 
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the distance between the first antenna element 11 and the 
conductive ground plane 17 are set such that a resonant 
frequency can be obtained in a predetermined frequency band, 
for example, 890 to 925 MHz. 

[0058] Next, the electrical length of the radiating 
conductor portion of the second antenna element 18 and the 
distance between the second antenna element 18 and the 
conductive ground plane 17 are set such that a resonant 
frequency can be obtained in a frequency -band, for example, 
925 to 960 MHz, on the higher side of the predetermined 
resonant frequency band, 

[0059] In doing this, enlarging the cut-away portions 28A 
and 28B decreases the capacitance of the second antenna 
element 18 and causes the resonant frequency to rise. 
[0060] The resonant frequency band of 890 to 925 MHz of the 
first antenna element 11 and the resonant frequency band of 
925 to 960 MHz of the second antenna element 18 are 
combined realizing a wider predetermined resonant frequency 
band of 890 to 960 MHz in which the wireless device can 
transmit and receive signals. 

[0061] Furthermore, the electrical length of the second 
radiating conductor portion 14 of the first antenna element 
11 and the distance between the first antenna element 11 
and the conductive ground plane 17 are set such that a 
resonant frequency can be obtained in another predetermined 
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resonant frequency band, for example, 1710 to 1880 MHz. 
[0062] Thus, two resonant frequency bands usable for 
transmission and reception are set in the wireless device. 
One is the resonant frequency band of 890 to 960 MHz 
realized by combining the resonant frequency band of 8 90 to 
925 MHz based on the first radiating conductor portion 12 
with a predetermined electrical length of the first antenna 
element 11 and the resonant frequency band of 925 to 960 
MHz based on the radiating conductor portion with another 
electrical length, which is different from that of the 
first radiating conductor portion 12, of the second antenna 
element 18. The other is the resonant frequency band of 
1710 to 1880 MHz based on the second radiating conductor 
portion 14 with still another electrical length, which is 
different from the above two, of the first antenna element 
11. 

[0063] Subsequently, the impedance of the antenna is 
determined. This is done by setting the position of the 
second terminal 16 so as to bring the impedance of the 
high-frequency circuit section in the wireless device main 
body as close as possible to a value, usually about 50 ohms, 
which enables transmission and reception with the highest 
sensitivity at the resonant frequencies. 

[0064] When the antenna device 29 is fitted to the wireless 
device main body, however, the effect of the 
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electromagnetic field distribution on the antenna device 2 9 
changes according to the position relative to the high- 
frequency circuit section of the antenna device 29. This 
possibly causes the antenna impedance to deviate from the 
predetermined value and the resonant frequencies and 
resonant frequency bands to change, making desired 
sensitivity unavailable for the antenna device 29. 
[0065] To cope with the above problem, the antenna device 
29 is configured such that, in cases where the impedance of 
the antenna device 29 fitted, after the high-frequency 
circuit section is fixed in the wireless device main body, 
to a predetermined part of the wireless device main body 
has deviated from the predetermined value, the impedance 
can be corrected by changing the areas of the cut-away 
portions 28A and 28B of the open end portion 18A and outer 
peripheral end portion 18B, respectively, of the second 
antenna element 18 so as to enable transmission and 
reception with the highest sensitivity. 

[0066] When an electromagnetic wave of a predetermined 
resonant frequency is received, the antenna device 29 
configured as described above converts the electromagnetic 
wave into an electrical signal and inputs the electrical 
signal to the high-frequency circuit section provided in 
the" wireless device main body via the second terminal 16. 
When an electrical signal of a predetermined resonant 
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frequency is received for transmission from the high- 
frequency circuit section, the antenna device 29 converts 
the electrical signal into an electromagnetic wave and 
radiates the electromagnetic wave. 

[0067] As described above, according to the second 
embodiment, in addition to the plate-like first antenna 
element 11 disposed above the conductive ground plane 17, 
the plate-like second antenna element 18 is provided spaced 
a predetermined distance from the first antenna element 11. 
The second antenna element 18 includes the open end portion 
18A and outer peripheral end portion 18B facing the 
conductive ground plane 17 and having the cut-away portions 
28A and 28B, respectively. This makes it possible to 
correct with ease the resonant frequencies, resonant 
frequency bands, and impedance of the antenna device and 
provide the antenna device with high sensitivity. In 
addition, the antenna device allows the wireless device to 
transimit and receive signals in a wide resonant frequency 
band realized by combining the resonant frequency bands of 
the first antenna element 11 and the second antenna element 
18. 

[0068] Furthermore, providing at least either one of the 
first antenna element 11 and the second antenna element 18 
with two or more radiating conductor portions with mutually 
differing electrical lengths makes the antenna device 
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capable of transmission and reception in two or more 
frequency bands. 

[0069] Even though it has been explained above that the 
antenna impedance can be corrected by providing the open 
end portion 18A and the outer peripheral end portion 18B, 
both facing the conductive ground plane 17, of the second 
antenna element 18 with the cut-away portions 28A and 28B, 
respectively, the invention can be implemented also by 
providing either one of the open end portion 18A and outer 
peripheral end portion 18B of the second antenna element 18 
with a cut-away portion to correct the antenna impedance- 
[007 0] The antenna impedance may also be corrected by 
providing the open end portion 12A and outer peripheral end 
portion 12B of the first radiating conductor portion 12 of 
the first antenna element 11 or the open end portion 14A 
and outer peripheral end portion. 14B of the second 
radiating conductor portion 14 of the first antenna element 
11 with cut-away portions, or by providing both the first 
antenna element 11 and the second antenna element 18 both . 
facing the conductive ground plane 17 with cut-away 
portions . 

[0071] Furthermore, the antenna impedance may also be 
corrected by forming not cut-away portions but holes in the 
first antenna element 11, the second antenna element 18, 
and the conductive ground plane 17, or by shifting the 
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first antenna element 11, the second antenna element 18, or 
the conductive ground plane 17 in the front-rear or left- 
right direction and thereby changing the positions relative 
to the conductive ground plane 17 of the open end portions 
12A and 14A and outer peripheral end portions 12B and 14B . 
of the first antenna element 11 or the open end portion 18A 
and outer peripheral end portion 18B of the second antenna 
element 18. 

[0072] Even though it has been explained above that, with 
the first antenna element 11 provided with the second 
radiating conductor portion 14 having a predetermined 
resonant frequency different from that of the first 
radiating conductor portion 12, the antenna device is 
capable of transmission and reception with required 
sensitivity in two different resonant frequency bands for 
the wireless device, the same effect may be achieved by 
providing the second antenna element 18 with a radiating 
conductor portion without providing the first antenna 
element 11 with the second radiating conductor portion 14. 
[0073] Even though, in the second embodiment, the second 
antenna element 18 is disposed between the first antenna 
element 11 and the conductive ground plane 17, the second 
antenna element 18 may be disposed above or to a side of 
the first antenna element 11. 

[0074] Even though, in the second embodiment, the second 
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antenna element 18 facing the conductive ground plane 17 is 
provided with the cut-away portions 28A and 28B, the first 
antenna element 11 also facing the conductive ground plane 
17 may be provided with such cut-away portions, or the 
first antenna element 11 and the second antenna element 18 
may both be provided with such cut-away portions. 
[0075] 

[Effect of the Invention] As described above, the present 
invention can produce advantageous effects which can make 
available a sensitive antenna device whose impedance can be 
adjusted with ease. 

[Brief Description of the Drawings] 

FIG. 1 is a perspective view of an essential part of an 
antenna device according to a first embodiment of the 
present invention . 

FIG. 2 is a perspective view of an essential part of an 
antenna device according to a second embodiment of the 
present invention . 

FIG. 3 is a perspective view of an essential part of an 
existing type of an antenna device. 
[Description of Reference Numerals] 

11 First antenna element 

12 First radiating conductor portion 
12A, 14A, ISA Open end portion 

12B, 14B, 18B Outer peripheral end portion 
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13 First terminal 

14 Second radiating conductor portion 

16 Second terminal 

17 Conductive ground plane 

18 Second antenna element 
19, 2 9 Antenna device 

22A, 22B, 28A, 28B Cut-away portion 

[Drawing] 

FIG. 1 

11 First antenna element 

12 First radiating conductor portion 
12A, 14A Open end portion 

12B Outer peripheral end portion 

13 First terminal 

14 Second radiating conductor portion 

16 Second terminal 

17 Conductive ground plane 

19 Antenna device 

22A, 228 Cut-away portion 
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